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PRECIS 


OBJECT: 

To  discuss  the  theoretical  background  of  the  physical  process  of  rapid 
decompression  and  to  present  a workable  method  of  determining  the  im- 
portant  facts  of  rapid  decompression. 

SUMMARY: 

Theoretical  considerations  indicate  that  the  analysis  of  the  entire  process 
of  rapid  decompression  can  be  split  into  two  parts.  The  first  one  includes 
the  geometrical  and  aerodynamic  quantities  of  the  system  under  considera- 
tion and  can  best  be  represented  by  a term  which  is  called 
because  it  sets  the  time  scale  for  the  entire  process.  The  second  part 
contains  a pressure  function,  which  determines  the  dependence  of  the 
process  upon  the  pressures  involved.  The  initial  rate  of  pressure  change 
is  discussed  and  presented  in  a similar  fashion.  The  experiments  are  in 
good  agreement  with  the  theory. 


A.  GENERAL  THEORY  OP  RAPID  DECOMPRESSION 


The  physical  process  of  rapid  or  explosive  decompression  has  been  the  topic 
of  discussion  in  many  papers  (1  - U).  The  results  in  those  papers  were  based  on 
a number  of  assumptions  and  simplifications  which,  in  many  instances,  are  not 
fully  justified.  The  object  of  this  report  is  to  arrive  at  a general  theory  of 
rapid  decompression  and  to  verify  the  theoretical  results  by  experiments.  More- 
over, for  practical  use,  a method  will  be  presented  to  determine  the  important 
phenomena  of  rapid  decompression. 

DISCUSSION  OF  SKKIFICANT  FJICTS 

An  attempt  has  been  made  to  evolve  a general  theory  of  rapid  decompression 
by  taking  into  consideration  many  of  the  significant  facts.  No  differentiation 
will  be  made  between  rapid  decompression  or  explosive  decompression  since  no 
factor  has  vet  been  found  which  really  would  justify  the  differentiation.  In 
the  following  only  the  term  rapid  decompression  will  be  used: 

1.  Temperature 

Previous  measurements  have  indicated  that  the  temperature  drop 
associated  with  rapid  decompression  can  be  very  great.  Temperature  changes  in 
the  neighborhood  of  1D0°  C.  have  been  observed  (5).  Therefore,  to  treat  the 
process  of  decompression  as  an  isothermal  one  is  not  justified.  On  the  other 
hand,  the  process  is  not  an  adiabatic  one  because  heat  exchange  between  air  and. 
cabin  wall  is  not  negligible. 
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2.  Humidity 

The  influence  of  humidity  on  the  physical  process  of  decompression  was 
shown  in  an  earlier  report  (f>).  Because  the  temperature  drops  below  the  dew- 
point in  the  first  moments  of  docorpression,  the  r;reatcst  part  of  the  decompres- 
sion will  take  place  in  air  of  100  percent  humidity  regardless  of  the  initial 
humidity.  The  heat  released  from  condensing  water  vapor  will  al3o  cause  a 
deviation  from  an  adiabatic  process  of  an  ideal  gas.  Therefore,  the  process 
should  be  treated  as  a polytropic  one  (i.e.,  a process  that  lies  between  an 
adiabatic  one  and  an  isothermal  one). 

3.  Back  Pressure 

There  is  a difference  between  the  rapid  decompression  that  takes  place 
in  an  aircraft  and  the  rapid  decompression  that  occurs  in  a usual  experimental 
setup.  In  an  aircraft  the  back  pressure  is  equal  to  the  atmospheric  pressure  of 
the  ambient  air  and  remains  constant  during  the  process  of  decompression.  In 
experiments,  however,  two  chambers  of  different  size  which  can  be  connected  are 
used.  The  smaller  chamber  simulates  the  cockpit  of  the  aircraft  cabin  and  has 
the  same  pressure  as  the  cabin.  The  large  chamber  has  a pressure  which  is  lower 
than  that  in  the  small  ohamber,  thus  simulating  the  pressure  differences  as  they 
actually  exist  in  the  aircraft  flying  at  high  altitude.  After  suddenly  opening 
the  connection  between  the  two  chambers,  the  pressure  in  the  larger  chamber  does 
not  stay  constant  but  rises,  because  of  the  airflow  from  the  small  chamber.  It 
is  this  change  in  back  pressure  which  makes  an  experimental  decompression  differ- 
ent from  an  actual  case.  Its  significance  should  be  considered.  In  the  discussion 
that  follows,  p always  stands  for  the  pressure  in  the  cabin  or  in  the  smaller 

CO 


* In  the  cited  reference,  an  error  was  unfortunately  made  concerning  the 
sign  in  Eq.  (2).  This  error  has  no  bearing  on  the  influence  of  the  humidity 
as  shown  in  figures  1 and  2 of  the  reference. 
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cn amber  at  the  beginning  of  the  rapid  deconpression,  whereas  stands  for 

the  pressure  of  the  ambient  air  in  the  actual  case,  or  for  the  pressure  in  the 
larger  chamber  before  decompression,  in  an  experiment, 

1*.  Critical  Pressure  Ratios 

There  is  a difference  of  flow  pattern  through  the  orifice  depending 
upon  the  ratio  of  the  two  pressures  on  both  sides  of  the  orifice.  If  the 

Pa 

pressure  ratio  increases,  the  velocity  in  the  orifice  also  increases.  In  the  true 
adiabatic  case,  the  speed  of  sound  is  attained  at  a pressure  ratio  of  1,89  (1  - U). 

This  speed  will  not  be  exceeded  even  if  the  pressure  ratio  is  increased  more.  The 
pressure  ratio  of  1,89  is  therefore  called  the  critical  pressure  ratio.  Those 
ratios  smaller  than  the  critical  are  called  subcritlcal  and  those  ratios  higher 
are  called  the  supercritical  ratios.  In  polyxropic  processes  the  ratio  is  smaller 
than  1.89. 

5.  Effective  Cross  Section 

The  practical  flow  of  air  through  an  orifice  deviates  from  the  theoreti- 
cal flow.  The  reasons  for  such  deviations  are  numerous,  such  as  reduced  velocity 
in  the  orifice  due  to  friction  or  formation  of  eddies  at  sudden  changes  in  cross 
section.  All  those  modifications  are  usually  accounted  for  by  the  introduction 
of  an  average  coefficient  of  orifice,  which  depends  upon  the  shape  of  the  orifice. 

It  is  also  possible  to  include  pressure  losses  in  ducts  and  bends  in  this  coeffi- 
cient, The  coefficient  of  orifice  thus  reduces  the  geometrical  cross  section  of 
the  orifice  to  the  so-called  effective  cross  section. 

In  an  experimental  setup  which  includes  all  the  above  enumerated  factors,  it 
is  possible  to  determine  the  thermodynamic  process  by  measuring  temperature  and 
pressure.  Knowing  the  nature  of  the  thermodynamic  process,  it  is  then  possible  to 
draw  conclusions  concerning  the  aerodynamic  facts  of  rapid  decompression  such  as 
the  pressure  losses  and  the  aerodynamic  properties  of  the  orifice. 
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Sons  of  the  basic  concepts  and  all  or  the  experimental  results  are  discussed 
in  this  section.  A full  account  of  the  theoretical  deductions,  however,  is  given 
in  the  appendix. 


BASIC  CONCEPTS 

In  an  approximative  fashion,  the  pressure  change  A p* 
initial  pressure  p„_  can  be  written  as  follows t 

CO 

Ap  AV 
P«.  “ V. 


in  terns  of  the 


(1) 


^ V being  the  volume  of  air  which  has  passed  throu^i  the  orifice  aid  VQ 
designating  the  volume  of  the  cabin.  The  loss  A V can  be  expressed  by 


Av  * A w- At 


(2) 


If  A is  the  area  of  the  orifice,  v the  rate  of  flow  in  the  orifice,  and 
At  the  tine  element.  Inserting  Eq.  (2)  into  Eq.  (1)  yields 


Ap 


(3) 


T.-Vc-"At 

The  velocity  w is  a function  of  pressure  and  density.  The  density  can  be 
eliminated  by  introducing  the  speed  of  sound  as  a characteristic  of  the  flow.  The 
velocity  w can  thus  be  expressed  by 


<M 


c being  the  speed  of  sound,  with  f a function  indicating  the  dependence  of 
the  rate  of  flow  upon  the  final  pressure  p^  after  deconpression  and  the  initial 
pressure  pc0.  It  mqjr  be  noted  that  the  speed  of  sound  is  not  necessarily 
attained  as 


speed  in  the  orifice.  The  numerical  valye 


m- 


never  greater 


"p,  TJT and  A t are  used  far  Infinitesimally  small  changes  of  pressure, 
volume, and  time. 
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than  1.0,  indicating  that  the  speed  w never  exceeds  the  speed  ef  sound.  With 
Eq.  (li)  in  Eq.  (3) 


4f. 


(5) 


Pc.  - V*  ' A. 

is  obtained.  Since  information  is  sought  about  the  time  required  far  a certain 
drop  in  pressure,  Eo.  ($)  is  solved  for 

A'C  fit) 


ip 


At 


(6) 


Despite  the  readers'  possible  reluctance  or  antipathy  against  something  expressed 
in  mathematical  terms,  it  is  suggested  that  Sq.  (6)  be  checked  for  the  combination 
of  units.  Since  both  sides  of  an  equation  must  have  the  same  units,  the  right- 
hand  side  of  Eq.  (6)  therefore  should  appear  in  units  of  time.  The  last  term  in 
Eq.  (6),  containing  the  pressure,  obviously  is  without  units  because  only  pressure 

y 

ratios  are  usfd.  Hence,  the  term  must  appear  in  unite  of  time  which  in  feet 

A’t 

is  the  case  and  can  be  easily  demonstrated  by  factoring  out 


Vc. 

A<- 


A 


f± 1 


Sec 


ft-  ft /see 

Considering  different  cases  of  rapid  decompression,  with  identical  pressure  ratios 
involved,  the  term 


becomes  apparent  that 


will  assu 
at  the  ti  me  A t 


assume  the  same  numerical  value.  From  Eq.  (6)  it 

V* 


is  then  solely  determined  by  the  factor 


Ac 


This  factor  sets  the  time  scale  of  the  rapid  deconpression.  It  includes  all 
constants  of  the  system  under  consideration  and  is  independent  of  the  pressure 
conditions. 

It  is  suggested  that  this  term  — - be  given  an  identifying  name  and  be  called 

A‘c 

time -constant  tc«  A small  time-constant  means  a short  time  of  decompression,  i.e.. 


a fast  deconpression  and  vice  versa.  For  example,  a cabin  of  $00  cu,  ft.  and  an 
area  A of  1 sq.  ft.,  together  with  speed  of  sound  of  1,130  ft./sec.  (68°  F.) 
would  yield  a time-constant  of  O.Ui2  sec. 
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The  theory,  including  other  considerations  such  as  various  volume  ratios  of 
chambers  in  experimental  decompression,  3ubcritical  and  supercritical  pressure 
ratios,  has  been  elaborated  upon  more  thoroughly  in  the  appendix.  It  is  shown  in 
the  appendix,  that  the  total  time  tg  of  decompression  can  be  expressed  in  a 
similar  fashion  as  in  Eq.  (6).  From  Eq.  (xix)  in  the  appendix,  the  time  t£  is 

(7> 

is  a function  of  the  cabin  pressure  pCQ  before  decompression,  and  p^  the 

pressure  of  the  ambient  air.  The  term  is  described  in  the  appendix  and  given 

in  figure  1 as  a function  of  Pco  - Pao  . 

Pco 

There  is  one  important  conclusion  to  be  drawn  from  Eq.  (7)  and  figure  1.  The 

value  of  P^  does  not  depend  upon  the  absolute  value  of  the  pressure  difference 

Pco  “ PM,  bat  depends  only  upon  the  ratio  of  this  difference  to  the  initial 

pressure  pCQ.  A pressure  difference  of  200  ran,  Hg  at  an  initial  pressure  of 

600  mm.  Hg  will  bring  about  the  same  time  of  decompression  as  a difference  of 

100  ran.  Hg  at  300  mm.  initial  pressure.  Or,  another  example,  a pressure  difference 

of  100  mm.  Hg  at  200  inn.  Hg  initial  pressure  yields  a longer  time  of  decompression 

than  a pressure  difference  of  100  ran.  Hg  at  600  ran.  Hg.  The  relative  reduction  of 

the  initial  pressure  is  the  most  important  factor  and  not  the  absolute  reduction. 

Thus,  the  determination  of  the  time  of  decompression  is  not  difficult.  If, 

for  instance,  cabin  pressure  p ■ 600  ran.  Hg,  ambient  pressure  p ■ 200  mm.  Hg 

t^len  ~ ■ 600  - 200  - UOO  - 0.66.  The  pertinent  value  of  P,  is  found 

Pco  5BJ  505  1 

in  figure  1 to  be  2.10.  If  the  time-constant  is  again  O.Ui2  sec,  then  the 
de confession  time  is 

tg  ■ O.Uli2  • 2.10  ■ 0.93  sec. 

Figure  1 is  strictly  valid  only  for  decompression  with  a constant  back,  pressure. 
For  decojifjression  from  a small  chamber  into  a larger  one,  it  would  be  necessary  to 
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use  a slightly  different  form  of  the  function  P^,  together  with  the  same  time- 
constant.  It  has  been  found,  however,  that  the  general  function  as  shown  in 
figure  1,  is  applicable  if  the  final  pressure  is  used  instead  of  the  initial 


Pro 03 are  function  P-j_  for  the  total  time  tg  of  decompression. 

As  shown  in  the  text,  the  total  time  of  decompression  tg  - tc*P^ 
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pressure  pa0.  The  final  pressure  p^  is  the  pressure  in  both  chambers  after 
deconpression  and  can  easily  be  determined  from  the  gas  law  to  be 


V R. 


Va 


(8) 


if  va  is  the  volume  of  the  larger  chamber  and  Vc  the  volume  of  the  smaller 
one.  The  pressure  difference  to  be  used  in  figure  1 is  then  instead  of 

pco  " pao  md  ia  S1™0 

Pc.-Pf  * ( pc.  - fat) 


Va 


(9) 


Fpr  all  practical  purposes  this  substitution  is  satisf actory  with  sufficient  accuracy, 

In  order  to  arrive  at  a desired  pressure  difference  pco  - it  is  necessary 

to  evacuate  the  large  chamber  to  the  pressure  p^,  which  is  lower  than  the  pres- 
sure Pf.  Figure  2 shows  a nomogram  for  calculation  of  the  pressure  difference 
Pj  - p^  for  various  ratios  ^c  . The  procedure  for  calculation  is  given  in  the 
legend  of  figure  2.  S 

An  evaluation  of  figure  1 is  made  for  a time-constant  of  1 sec.  and  is  pre- 
sented in  figure  3.  It  shows  the  time  of  deconpression  in  seconds  as  it  depends 
on  initial  pressure  p„  and  ambient  pressure  p„.  It  also  shows  lines  for 
constant  pressure  differentials  pco  - pa0.  It  nuy  be  noted  that  for  a time- 
constant  other  than  1.0  the  actual  time  of  deconpression  changes  accordingly. 

For  example,  a time-constant  of  .Ui2  sec.  and  a time  of  decompression  of  2 sec., 
as  found  in  figure  3,  would  result  in  an  actual  time  of  decompression  of 
2 X .Ui2  or  ,66k  sec. 


In  many  cases  it  is'  inportant  to  know  the  initial  rate  of  the  pressure  change. 
As  outlined  in  the  appendix,  this  rate  of  pressure  change  can  be  determined  as 
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PRESSURE  DIFFERENCE 
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Figure  2 

Venogram  for  the  calculation  of  the  pressure  difference 
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Example: 

The  desired  final  pressure  difference  is  pc0  - p-  * 200  rnn.  Hg. 
The  volume  ratio  is  0,25  or  By  drawing  a line  from  200  on 
the  left  scale  to  0,25  on  the  middle  scale  a pressure  difference 
of  50  cm.  Hg  is  found  on  the  right  scale.  Therefore  a rise  in 
back  pressure  of  5 0 inn.  Hg  is  to  be  expected  and  an  initial 
pressure  difference  pco  - p^  ■ 200+  • 250  ran.  Hg  would  be 

chosen. 
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Eq.  (10)  shows  that  the  initial  pressure  p and  the  tine-constant  t are  the 

determining  factors  for  the  initial  rate  of  pressure  change.  The  tern  P2  is 

again  a function  of  the  pressure  difference  ^co  " ^>a0  and  is  shown  in  figure  Ii. 

Pco 

In  the  supercritical  range,  the  term  Pg  becones  constant  because  the  sneed  in 
the  orifice  does  not  increase  if  the  pressure  ratio  is  increased.  The  determina- 
tion of  the  rate  of  pressure  change  with  the  help  of  figure  h is  done  in  the 
following  fashion:  Assuming  an  initial  pressure  nf  r>co  - 600  mm.  Hg,  ambient 

pressure  200,  then  pco  - pao  - 0.66.  From  figure  1*  P2  is  found  t.c  be  O.69 . 

Pco 

With  a time-constant  of  0.U«2  sec,  the  ini  ti.il  rate  of  press  ire  change  is 


too 
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tOO  200  300  400  500  600  TOO  800 

Pc.  mm  Mg 

Figure  3 

Total  time  t»  of  decompression  as  a function  of  the  initial 
pressure  pC0B  for  a time-constant  tc  • 1.0  sec. 

Note:  Solid  lines  indicate  ambient  pressure  p^j  dotted  lines 
indicate  pressure  differentials  pc0  - p^. 
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, _ $££.  . o Cl  * - 9-37  *<•«*«.  Hr  /sec, 

oL t OMH2. 

An  evaluation  of  figure  lj  for  a tine-constant  of  1 sec.  is  shown  on  figure  J>.  If 
the  time-constant  has  a value  other  than  1.0  then  the  initial  rate  of  pressure 
change  varies  accordingly.  For  instance,  if  a rate  of  change  of  300  mm.  Hg/sec. 
is  found  for  the  time-constant  of  1,0  sec.  the  corresponding  rate  of  change  for 
a time-constant  of  O.Ui2  sec.  would  be 


P* 


Figure  1* 

Pressure  function  Pg  for  the  initial  rate  of  pressure  change. 

As  shown  in  the  text,  the  initial  rate  of  pressure  change  is 

ags.P».p2 
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The  tine  of  decompression, as  used  in  the  foregoing  discussions,  is  determined 
by  the  fact  that  the  cabin  pressure  pc  becomes  equal  to  the  ambient  pressure 
pa,  i.e.,  after  a complete  equalization  of  pressures.  This  time  is  definite  and 
becomes  infinite  only  if  deconpression  occurs  in  a complete  vacuum.  As  can  be 
seen  from  figure  3,  this  time  of  decompression  can  become  very  great  and  especially 
so  if  decompression  to  low  ambient  pressure  is  involved.  In  experimental 
decompression  it  is  sometimes  difficult  to  evaluate  the  recordings  with  regard 
to  the  decompression  time  because  the  pressure  p approaches  the  ambient 
pressure  pa  quite  slowly.  In  order  to  facilitate  the  evaluation,  it  has  been 
suggested  that  another  time  interval  be  used  to  characterize  the  process  of 
decompression,  rather  than  the  total  time.  The  method  most  often  suggested  is  to 


* 

mm  Hq/mc 


Pc.  mm  Hf 
Figure  $ 

Initial  rate  of  pressure  change  as  function  of  the  initial 

pressure  for  a time -constant  t > 1.0  sec. 

gXMpler 

pco  m 500  W1.  Hg,  p*o  m U00  mm.  Hg,  -290  mm.  Hg/sec. 

For  Pco  > 500  am.  Hg,  pw  • 200  mn.  Hg,  dgc  . .3^5  Hg/sec. 
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measure  the  time  which  elapses  until  the  Initial  pressure  difference  has  been 
reduced  to  a certain  fraction  of  it$  initial  value.  The  introduction  of  this 
arbitrary  fraction,  however,  i3  debatable. 

It  is  therefore  proposed  that  use  be  made  of  the  initial  rate  of  pressure 
change  in  order  to  arrive  at  a well-defined  time  which  can  be  easily  evaluated. 

For  this  purpose  the  initial  rate  is  used  as  a constant  rate  throughout  the  rapid 
deconpression.  As  shown  on  figure  6 the  line  of  initial  rate  of  change  is 
extended  until  it  intersects  the  ambient  pressure  p^,  The  point  of  inter- 
section marks  a time  which  is  evidently  related  to  the  initial  rate  of  pressure 
change  and  the  pressure  difference.  As  already  mentioned,  it  has  the  additional 
advantage  of  convenient  evaluation  from  recordings.  This  tine  may  be  called 
the  constant  rate  tiir». 

The  constant  rate  time  t^  is  given  by 


with  P,  being  a function  of  Pco  - Pao  as  shown  in  figure  7. 

J Pco 

An  evaluation  of  figure  7 for  practical  purposes  is  presented  in  figure  8 for  a 


Prtmurt 


Figure  6 


Definition  of  constant  rate  tine  t-. 
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time-constant  of  1.0  sec.  It  may  be  noted  that  for  subcritical  pressure  ratios, 
the  constant  rate  time  is  about  half  of  the  total  deconpression  time. 

Either  the  total  or  the  constant  rate  time,  or  the  initial  rate  of  pressure 
change,  can  be  used  to  determine  factors  which  are  inadvertently  omitted  in 

Ps 


Figure  7 

Pressure  function  Pj  for  constant  rate  time  t^ 
As  shown  in  the  text,  the  constant  rate  time  • tc  . 
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experiments  or  reports.  For  instance,  t{l  is  possible  to  determine  the  tias-constant 

if  the  pressures  involved  and  the  deco^^eesion  time  are  known.  The  ties  leonstint 

is  then  given  by  * 

± 

L m «■— f? 

-a 


On  the  other  hand,  it  is  possible  to  4£{rmine  the  pressure  ratio  involved  if 
time-constant  and  deco  impression  time  qjp  given.  The  general  presentations  of 
figures  1,  U,  and  7 are  best  suited  such  manipulations. 


EXPERIMENT  AL^BULTS 

Experiments  have  been  carried  out '{a  two  different  chamber  arrangements  at 
the  USAF  School  of  Aviation  Medicine,  {he  first  one  was  of  the  so-called  parasite 
type,  i.e.,  a small,  separate  chamber  tilth  a duct  connecting  the  chamber 

with  a large  chamber.  Three  valves,  l^^sh  can  be  operated  independently,  allow 


'& c. 


Figure  8 

Constant  rate  time  t_  as  fOQition  of  the  initial  pressure  for  a 
time -constant  t^  ■ 1,0  seo. 
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the  connection  between  the  two  chambers  to  be  opened  suddenly.  .4  detailed  de- 
scription of  thi3  setup  is  riven  in  n separate  report  (6). 

The  second  chamber  arrangement  used  in  the  experiments  was  a high- altitude 
chamber  with  a small  air  lock.  The  door  from  the  air  lock  to  the  chamber  has  a 
circular  opening  of  11  inches  in  diameter.  This  opening  can  be  sealed  off  by  a 
membrane  which  is  then  rrmetured  for  the  rapid  decompression.  This  latter  arrange- 
ment will  be  referred  to  as  the  D-chamber,  in  this  report. 

]Iea3urements  were  taken  of  the  absolute  pressure  pc  in  the  small  chamber 
Vc  and  of  the  pressure  difference  pc  - pa  between  the  small  and  the  large 
chamber.  For  the  pressure  recordings  Stathan  strain  gages  were  used  with  a 
pressure  range  of  1 5 p.s.i.  and  a natural  frequency  of  100  c.p.s.  The  temperature 
changes  in  the  small  chamber  were  recorded  with  iron-cons tantan  thermocouples. 

A very  small  tins  lag  of  the  thermocouples  was  obtained  by  the  use  of  a wire  with 
0.0006-inch  cjiameter.  The  recordings  were  made  with  suitable  galvanometers  and  a 
photokymograph.  No  amplification  was  necessary.  A typical  recording  is  shown 
in  figure  9. 


Figure  9 


Recording  of  changes  in  pressure  and  tenperature  as  they  occurred 
during  rapid  deconpression. 
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Note*  The  zero  line  for  Pc  is  not  given  because  there  is  insuffi- 
cient room  on  the  recording  paper  to  show  the  entire  range. 
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In  all,  about  75  rapid  deconpressions  were  recorded  over  a vide  range  of 
pressures,  with  various  combinations  of  the  af oromentioned  valves,  in  order  to 
have  various  time-constants . 

The  recordings  Wei's  first  evaluated  with  regard  to  the  pres  sure- temperature 
relationship.  In  polytropic  processes  the  absolute  temperature  T and  the 
pressure  p are  related  by 


vhere  Tco  is  the  absolute  temperature  before  and  Tf  after  decompression. 

T«* 

n is  the  polytropic  exponent.  By  plotting  the  temperature  ratio  1 

Tco 

against  pressure  ratio  P*  — on  double  logarithmic  paper,  it  is  possible  to 

Pco 

determine  the  exponent  *>-l  from  the  slope  and  to  find  the  polytropic  exponent  n. 

n 

This  has  been  done  on  figure  10.  The  least  square  slope  indicates  an  exponent 
of  n ■ 1.16,  which  is  in  the  order  expected,  since  the  value  should  be  between 
1.0  (isothermal)  and  1.1*  (adiabatic).  The  value  thus  found  was  used  to  calculate 
the  function  P-^  as  shown  in  figure  1. 

It  is  realized  that  the  polytropic  exponent,  as  found  in  the  described  manner, 
actually  is  an  average  value  over  the  time  interval  of  the  deconpression  rather 


rm»mm  luno^L 


Figure  10 

Pressure-temperature  relationship  in  rapid  deconpression 
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than  an  instantaneous  one.  However,  in  this  discussion  emphasis  is  on  the  average 
values,  which  are  valid  for  the  rapid  decompression  as  a whole.  The  value  of  the 
polytropic  exponent  has  an  influence  on  the  value  of  the  speed  of  sound.  With 
the  experimentally  found  value  n ■ 1.16  the  speed  of  sound  in  ft./sec.  is  given  by 

Tc  being  the  temperature  in  °F  of  the  air  in  the  cabin.  Figure  11  shows  the 
speed  of  sound  as  a function  of  cabin  temperature.  If  hiffr  accuracy  is  not 
required,  a value  of  1,000  ft./sec.  is  most  suitable.  The  polytropic  exponent 
n • 1.16  yields  a critical  pressure  ratio  of  1.75.  The  pertinent  value  of 
Pco  - pao  is  then  1 - 1 „ O.U27. 

pZ  ‘ 05 

In  evaluating  the  recordings  of  rapid  decompression  time,  the  procedure 

applied  was  as  follows: 

First,  the  time-constant  of  the  system  used  was  calculated,  assuming  a co- 
efficient of  orifice  of  1.0.  Then,  the  total  time  of  decompression  was 


Figure  11 

Speed  of  sound  in  rapid  decompression  as  function  of  temperature. 
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measured  from  the  pressure  recordings,  and  the  ratio  calculated.  These 

\ 

values  were  then  plotted  against  the  pressure  term  Pco  - Pf  . Figure  12 

Pco 

shows  the  results  of  all  these  experiments.  Figure  12  also  shows  as  a dotted 
line  the  theoretical  values.  Tt  can  be  3een  that  the  experimental  values  deviate 
from  the  theoretical  ones,  indicating  that  the  effective  cross  section  in  the 
orifice  differs  from  the  geometrical  one  — as  used  for  calculating  the  time- 
constant.  The  deviation  varies  for  the  two  different  chambers  which  were  used  for 
the  experiments.  However,  so  far  as  the  general  trend  is  concerned,  both  the 
experiments  and  the  theory  are  in  good  accord.  This  can  be  shown  by  taking  into 
consideration  a coefficient  of  orifice  which  compensates  for  the  difference 
between  geometrical  and  effective  cross  section.  The  agreement  between  theory  and 
experiment  is  within  reasonable  limits  if  a coefficient  of  orifice  of  .25  is  used 
for  the  parasite  chmber  and  a coefficient  of  .95  for  the  D-chanfcer.  See  figure  13. 


p«. 


Figure  12 

Ratio  of  resulting  from  experiments.  Dotted  line  indicates 
theoretical  values;  the  values  of  the  D-chamber  deviate  slightly. 
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\ssundng  the  thermodynamic  considerations  in  the  theory  of  rapid  decompression 
are  correct,  it  ia  possible  to  determine  the  coefficient  of  the  orifice  bv  computing 
the  ratio  of  the  theoretical  value  of  decompression  time  to  the  experimental 
values  of  decompression  time.  The  experimental  results  were  evaluated  in  that 
manner  and  coefficients  of  .20  and  .30  were  found  for  the  parasite  chanter  and 
coefficients  of  ,?0  to  close  to  1.0  were  found  for  the  lock  chamber.  The  smaller 
coefficient  of  the  orifice  for  the  parasite  chamber  appears  plausible  considering 
the  long  ducts  with  sharp  bends  and  sudden  changes  in  diameter. 

Taking  into  account  the  orifice  coefficients  as  found  in  the  experiments, 
the  time  constants  for  the  various  arrangements  are  as  follows: 

Parasite  Chamber: 

Valve  I tc  * 0*5U5  sec. 

Valves  I and  n • 0.272  sec. 


Figure  13 

The  results  of  decompression  experiments  presented  as  relationship 
between  t-  P P„ 

P. 


CO  - f 


'00 


All  values  are  in  good  agreement  with  the  theory  (straight  line) 
after  being  corrected  for  a proper  coefficient  of  orifice. 
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Valves  I,  II,  and  HI  tc  ■ 0.1&L  sec. 

D-Ch amber:  tQ  ■ 0.712  sec. 

It  muy  be  noted  that  the  effective  cross  section  is  a point  of  uncertainty  if 
it  cones  to  reducing  to  practice  the  theory  of  rapid  decompression  since  it  has  a 
strong  influence  on  the  tins -constant.  For  cases  like  those  occurring  in  aircraft, 
coefficients  of  0.8  to  1.0  seen  appropriate. 
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Notations: 


APPENDIX 


Pc 


P 


CO 


Pressure  in  small  chamber 

Pressure  in  small  chanber  before  decompression 


Sc 

£co 

Vc 

nc 

Pa 

pao 

r • 

5 80 

Va 

ma 

Pf 

?A 

A 

w 

co 

n 

t 

s 


Air  density  in  small  chamber 

Air  density  in  small  chamber  before  decompression 

Volume  of  small  chamber 

Air  mass  on  Vc  before  decompression 

Pressure  in  large  chamber 

Pressure  in  large  chamber  before  decompression 
Air  density  in  large  chamber 

Air  density  in  large  chamber  before  decompression 

Volume  of  large  chamber 

Air  mass  in  V&  before  decompression 

Final  pressure  in  both  chambers  after  decompression 

Air  density  in  orifice 

Effective  cross  section  of  orifice 

Speed  of  air  in  cross  section  of  orifice 

Speed  of  sound  in  v before  decoitp*  ession 

Polytropic  exponent 

Time 

Vc 

Time  constant  ■ — . 

A*co 

Time  of  decompression 


Hass  ratio 
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The  mass  flew  through  the  orifice  is  determined  by 


~zr 


-fAA-W 


The  mass  element  is  given  by 


- VC  '*Su 


(i) 


(ii) 


In  polytropic  processes 


(lii) 


l»e> 

' f;*' 

For  subcrltical  pressure  ratios,  i.e.,  < ( gq 

P*9 

the  speed  v is  determined  by 

w*Y<b-*-'  rf-fl -Cfc)"*!  ' 

Considering  that  the  speed  of  sound  is  given  by  C0  * 
and  introducing  Eq.  (ii)  through  (v)  into  (i)  yields 

f 1 -<*r ' 


(It) 


(▼) 


(Ti) 


The  pressure  pa  is  constant,  if  the  decompression  takes  place  into  the  open 
air.  However,  if  the  air  flows  from  one  chamber  to  the  other  then  pa  is  not 
constant. 

It  is  obvious  that 


or 


ot  A-U.  a * - oL 


V«/  —Vc-offc. 


(rti) 
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Integrating  Eq.  (vii)  and  introducing  Eq.  (iii)  results  in 


f 


'/a*,  o ^ 


; ' ['  *rt'- 


(viii) 


Finally 


is  obtained.  To  facilitate  integration  the  following  substitution  is  made 

£*-.*oe>“ 

which  is  then  expanded  into  a power  series.  It  was  found  that  accurary  was 
still  satisfactory  if  all  terms  of  orders  higher  than  2 were  omitted.  By 
this  way  Eq.  (ix)  is  reduced  .to 


with 


H*| 


*■  ^ 

b.  (*.-() -Ip"  TT'CpT.  ) l’f~ 


Integration  of  (x)  yields 


— * CCix.'U'^  

f*  iM 


r ^ p- } *<. 


(=d) 
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C being  the  constant  of  integration,  which  is  determined  by  setting 

0 


P * 0 t 


(xLi) 


<9 


The  time  tj.  for  decompression  is  found  by  setting  — — mo  in  Eq.  (x). 
If  ^ m o,  then  from  (x) 

•5b  p 

y a.  - a o 

Taking  into  account  the  conditions  (xii)  and  (xiii)  the  time  tg  of 
deco  repression  finally  is  obtained 


(Xiii) 


(2dv) 


This  relation  is  valid  for  pressure  ratios  smaller  than  the  critical.  For 
greater  ratios  the  speed  in  the  orifice  is  independent  of  the  back  pressure  pa 
and  is  given  by 


(xv) 


Introducing  (xv)  into  Eq.  (i)  leads  to 
which  is  easily  integrated  to  be 


(xvi) 


(xvii) 


* ^ 

The  supercritical  flow  exists  until  the  pressure  ratio  ha 3 reached  the 

P- 

critical  value  pcr.  During  this  supercritical  phase  the  pressure  pft  in  Vft 
rises.  When  the  critical  ratio  is  approached  the  pressure  p becomes 

C 


26 


r 


The  time 


PROJECT  NUMBER  21-1201-0008,  REPORT  NUMBER  i 


tg,  required  for  evacuation  in  the  super critical  phase  is  then 


(xviii) 


For  the  following  subcritical  phase  Eq.  (xiv)  becomes  applicable.  However,  there 
is  one  fact  to  be  considered.  During  the  decompression  in  the  supercritical 
phase,  the  tqnperature  in  Vc  has  dropped.  It  is  therefore  necessary  to  account 
for  this  in  the  confutation  of  the  factors  a,-  b,  c,  and  . The  modified 
factors  will  be  called  a#,  b*,  c»,  and^u*  and  are  determined  by 

**  ■ I -('£«)“ 


It  is  also  necessary  to  modify  the  value  of  the  speed  of  sound  from  Ca  “i*  C# 


in  order  to  make  possible  the  use  of  the  same  time  constant  for  both  phases.  It  is 


The  total  time  of  deconpression  for  an  initial  pressure  ratio  greater  than  the 
critical  is  then  found  to  be 
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Xq.  (xlx)  can  be  written 

H-\-h 


P^  being  a function  of  pc<j,  and  For ■ O i.e.  decompression 

into  open  air  P^  is  given  by 


Eq.  (xx)  is  plotted  in  figure  1 against  the  pressure  difference  Z2S,  " P*° 

Pao 


In  many  cases,  it  is  important  to  know  the  initial  rate  of  pressure  change. 

This  rate  can  be  determined  by  setting  ~ af.sin  Eq.  (lx)  and  Eq.  (xvi).  The 

r«* 

initial  rate  of  pressure  change  can  then  be  expressed  by 

In- . 7> 
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The  tern  Pg  is  in  the  subcritical  range 
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and  In  the  *rq>ercritical  range 
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Figure  U shows  P,  as  a function  of  Pco  «»  pao 

Pco 


(xxii) 


The  Initial  rate  of  pressure  change  can  be  used  to  determine  the  constant  rate 
tine  tg  (see  text).  It  is  assumed  that  the  initial  rate  is  maintained  through- 
out the  entire  deconpression  until  the  pressure  pc  is  equal  to  the  pressure  p^. 
See  figure  6.  The  initial  rate  time  is  then  determined  by 
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that  is 
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is  shown  in  figure  7 


DEPARTMENT  OF  THE  AIR  FORCE 

AIR  FORCE  RESEARCH  LABORATORY 
BROOKS  CITY-BASE  TEXAS 


4 February  2009 


MEMORANDUM  FOR  DTIC-OCQ 

ATTN:  LARRY  DOWNING 

8725  JOHN  J.  KINGMAN  ROAD,  SUITE  0944 

FORT  BELVOIR,  VA  22060-6218 

FROM:  71 1th  HPW/OMA  (STINFO) 

2513  Kennedy  Circle 

Brooks  City-Base  TX  78235-5 1 16 


SUBJECT:  Changing  the  Distribution  Statement  on  a Technical  Report 


This  letter  documents  the  requirement  for  DTIC  to  change  the  distribution  statement  from  “C”  to 
“A”  (Approved  for  public  release;  distribution  is  unlimited.)  on  the  following  technical  report: 
AD  Number  AD0020374,  XC-SAM,  PHYSICS  AND  ENGINEERING  OF  RAPID 
DECOMPRESSION:  A GENERAL  THEORY  OF  RAPID  DECOMPRESSION. 

If  additional  information  or  a corrected  cover  page  and  SF  Form  298  are  required  please  let  me 
know.  You  can  reach  me  at  DSN  240-6019  or  my  e-mail  address  is 
sherry,  mathews  fmbrooks.  a f.  mil. 


Thank  you  for  your  assistance  in  making  this  change. 


SHERRY  Y (MATHEWS 
71 1th  HPW  STINFO  Officer 
Previously  AFIOH  STINFO  Officer 


